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Introduction
Based on clinical necessity, much effort has been
invested in developing new methods of oocyte cryo-
preservation. For instance, oocytes can be stored in
advance for patients undergoing chemotherapy,
surgery, or radiotherapy, and used to build up a gamete
bank. Recently, higher survival rates have been
achieved with efficient vitrification using the newly
developed closed pulled straw (CPS) method compared
with those following the traditional slow freezing
method [1]. However, there is still room in the
vitrification procedure for enhancement allowing
complete retrieval of developmental competence after
thawing. This possibility is mostly available through
protection of the oocyte cytoskeletal system, which is
involved in meiotic division and embryo development,
from injury [2,3].
The use of cytoskeleton stabilizers, such as paclitaxel
(TaxolTM, Bristol-Myers Squibb Co, New York, NY, USA)
and cytochalasin B (CCB), has been studied by other
authors [3,4]. Paclitaxel appears to offer significant
benefit in the blastocyst formation rate (58.6% vs 24%
without treatment). Microfilament alterations during
SUMMARY
Objective: To investigate the benefits of the cytoskeleton stabilizers paclitaxel and cytochalasin B (CCB) in
the oocyte vitrification procedure.
Materials and Methods: ICR mice aged 4–6 weeks were superovulated with pregnant mare serum gonadotropin
and human chorionic gonadotropin. In Experiment 1, all retrieved eggs were randomly assigned to group A
or B for the cumulus cell effect test and went through the vitrification protocol. In Experiment 2, the oocytes
were allocated randomly to one of two subgroups for the cytoskeleton stabilizer tests: subgroup B, paclitaxel,
and subgroup C, CCB. Group B in Experiment 1 served as the control (i.e. subgroup A) in Experiment 2.
Results: In Experiment 1, denuded oocytes had a higher fertilization rate after thawing than cumulus-enclosed
ones. Accordingly, cumulus-free oocytes were chosen for Experiment 2. In Experiment 2, there were significant
differences in post-thaw survival rates and fertilization rates between subgroups A and B. There was also a
significant difference in fertilization rates between subgroups A and C. However, there were no differences in
cleavage rates of 2–4- and 6–8-cell embryos between the subgroups.
Conclusion: Cumulus-free oocytes have greater developmental competence than cumulus-enclosed ones. Adding
paclitaxel significantly improves the survival rate and fertilization rates of post-thaw cumulus-free ICR mouse
oocytes. The addition of CCB also improves the fertilization rate of post-thaw oocytes. [Taiwanese J Obstet Gynecol
2005;44(1):48–51]
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the freezing process can also be stabilized using CCB, to
achieve a pregnancy rate up to 60%. With the intention
of exploring the capability of these stabilizers, paclitaxel
and CCB were examined using the CPS method. In
addition, we determined which one had a greater effect
on post-thaw survival rates and subsequent development
of ICR mouse embryos.
Materials and Methods
Oocytes were collected from superovulated, 4–6-week-
old, female ICR mice maintained on a constant light-
dark cycle (5 A.M. to 7 P.M. light; 7 P.M. to 5 A.M.
dark). Superovulation was induced by intraperitoneal
injections of 7.5 IU pregnant mare serum gonadotropin
(Sigma, St. Louis, MO, USA) and 7.5 IU human chorionic
gonadotropin (hCG; Serono Inc, Norwell, MA, USA)
administered 48–50 hours apart. The oviducts were
excised 14 hours after hCG injection and immediately
placed in human tubal fluid (HTF) medium. The freshly
ovulated oocytes were collected under a stereo-
microscope.
Experiment 1: Effectiveness of cumulus cells after
vitrification
The collected oocytes were divided into two groups.
Group A contained cumulus oocyte complexes (COCs).
Group B oocytes were treated with brief exposure to
HTF medium with 80 IU/mL hyaluronidase (Sigma).
Immediately after dispersal of the cumulus, the oocytes
were washed three times and cultured in HTF medium
containing 0.5% bovine serum albumin (BSA; Sigma) in
an atmosphere of 5% CO2 in air at 37$C to give denuded
oocytes.
The vitrification procedures used in our study were
principally based on the method developed by Chen et
al [1]. The solutions for vitrifying and thawing protocols
were prepared using Dulbecco’s phosphate-buffered
saline (Gibco, Grand Island, NY, USA) with 20% (v/v)
fetal bovine serum (Gibco). The COCs (Group A) or
denuded oocytes (Group B) were pretreated with 1.5 M
ethylene glycol (Merck, Darmstadt, Germany) for 5
minutes. They were transferred to a drop of vitrification
solution (200 +L) containing 5.5 M ethylene glycol and
1 M sucrose (Sigma). Twenty seconds later, they were
transferred to another drop of the same medium for
equilibration. These two steps and loading the oocytes
into the pulled straw (I.V.M., I’aigle, France) took less
than 1 minute. The tip of the straw was loaded with the
diameter of 2 mm vitrification medium, 2 mm air, 2 mm
vitrification medium holding oocytes, 2 mm of air, and
2 mm of vitrification medium in a syringe (Figure).
After storage for between 1 hour and 1 week, the
oocytes were thawed into a washing drop (400 +L) of
0.5 M sucrose and then transferred sequentially into
0.5, 0.25, and 0.125 M sucrose solutions for 2.5 minutes
each in a four-well dish at 37$C. The oocytes were
washed, transferred into culture medium, and incubated
at 37$C under a humidified atmosphere of 5% CO2 in air
for 2 hours prior to insemination.
For in vitro fertilization (IVF), sperm were collected
from mature male ICR mice. The vas deferens and cauda
epididymides were dissected and one drop (0.5–1 mL)
of pre-equilibrated Whittingham’s medium [5] with 3%
BSA was added. The sperm were released into the
medium and allowed to disperse for 15 minutes at
37$C. After dispersion, the sperm concentration was
determined to achieve a final concentration of 1 = 106
spermatozoa/mL. The insemination dishes were then
incubated for 1–2 hours before the addition of thawed
or fresh oocytes. After 4 hours of incubation with
sperm, the oocytes were washed and cultured in HTF
medium with 0.4% BSA and 0.01 mM ethylenediamine-
tetraacetic acid (Sigma). The progression of embryonic
development was monitored every day until 96 hours
after culture and the number of embryos surviving were
recorded.
Experiment 2: Effectiveness of paclitaxel and
cytochalasin B
We used subgroup B from Experiment 1 as the control
group (subgroup A) here. All normal metaphase II
morphology oocytes were randomly allocated to two
subgroups: B, vitrification medium with paclitaxel
(Sigma) and C, pretreatment with CCB (Sigma).
In subgroup B, the pretreatment and vitrification
ethylene glycol medium were both supplemented
with 1 +M paclitaxel. In subgroup C, the oocytes
were incubated at 37$C in 5% CO2 and air for 30
minutes in HTF medium containing 7.5 +g/mL CCB.
The oocytes were then transferred to pretreatment
and vitrification ethylene glycol medium containing
7.5 +g/mL CCB. The loading technique was the same
as described above.
Figure. Demonstration of loading vitrification media into the
pulled straw. Each column is 2 mm in length and the right end
connects with the syringe. A = air; M = vitrification medium;
O = medium with oocytes.
Tip side
To the
syringe
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Morphologic survival was defined as the possession
of an intact zona pellucida and plasma membrane and
refractive cytoplasm. Surviving oocytes were counted
and recorded.
Subsequent to IVF, the rates of damage and
fertilization were calculated from the percentages of
cleavage embryos and blastocysts formed among post-
thaw oocytes. The Chi-squared test was used for statis-
tical assessment.
Results
Experiment 1: Effectiveness of cumulus cells in
vitrification
Denuded oocytes had a relatively higher fertilization
rate after vitrification and thawing than cumulus-
enclosed oocytes (p < 0.05) (Table 1). There were no
significant differences in survival rate after thawing or
cleavage rates of 2–4- and 6–8-cell stages.
Experiment 2: Effectiveness of paclitaxel and
cytochalasin B
There were significant differences in the survival rate
after thawing (p < 0.05) and the fertilization rate (p <
0.05) between subgroup B and the control subgroup
A. However, there were no significant differences in
cleavage rates of 2–4- and 6–8-cell stages. There was
also a significant difference in the fertilization rate (p <
0.05) between subgroup C and the control subgroup
A. There were no significant differences in survival rate
after thawing or cleavage rates of 2–4- and 6–8-cell
stages (Table 2).
Discussion
It is controversial whether cumulus cells are beneficial
for pre-implantational development of oocytes that are
vitrified and thawed at the mature stage. In our study,
cumulus-free oocytes had a higher fertilization rate after
thawing than intact cumulus-enclosed ones. Fabbri et
al hypothesized that one of the major factors affecting
the oocyte freezing process is the ratio of surface area to
volume [6]. That is, the larger the oocyte, the lower its
developmental competence after freezing and thawing.
Logically speaking, a larger oocyte requires longer to
reach osmotic balance in the cryoprotectant solution,
leading to a worse result after freeze-thawing proce-
dures [7].
The results of this study indicate that adding the
cytoskeleton stabilizers paclitaxel and CCB can
significantly improve the fertilization rate of mature
cumulus-free ICR mouse oocytes. Paclitaxel also im-
proved the survival rate of mature oocytes after freezing
and thawing. Neither stabilizer improved the cleavage
rates of 2–4- and 6–8-cell stages after thawing compared
with controls. There seemed to be a greater potential
for paclitaxel to improve the fertilization rate compared
with CCB. These results support the findings of other
investigators. Park et al demonstrated that adding
paclitaxel improved the post-thaw development of
Table 1. Comparison of pre-implantation development of cumulus-enclosed and cumulus-free oocytes vitrified
and thawed at the mature stage
Status of oocytes Total
Survived after thawing, % Fertilized, % 2–4 cells, % 4–8 cells, %
Survival Death Survival Death Survival Death Survival Death
Cumulus-enclosed 45 28 17 17 11 14 3 10 4
Cumulus-free 48 29 19 23 7 19 4 15 4
p 0.62 0.05 0.21 0.20
Table 2. Comparison of the effect of paclitaxel and cytochalasin B (CCB) on the development of post-thaw
cumulus-enclosed oocytes and cumulus-free oocytes at the mature stage
Treatment method Total
Survived after thawing, % Fertilized, % 2–4 cells, % 4–8 cells, %
Survival Death Survival Death Survival Death Survival Death
Control 48 29 19 23 7 19 4 15 4
Paclitaxel 36 21 15 18 3 16 2 13 3
p 0.04 0.01 0.11 0.42
CCB 40 23 17 20 3 17 3 13 4
p 0.18 0.02 0.45 0.58
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vitrified oocytes without decreasing blastocyst quality
[4]. Isachenko et al suggested that pretreatment with
CCB has a positive effect on vitrification of germinal-
vesicle stage porcine oocytes [8].
Among the technical aspects of oocyte cryo-
preservation, a major concern is the disruption of the
cytoskeletal structure, which may cause chromosomal
anomalies and abnormal cytokinesis. The appropriate
organization of spindle microtubules is essential for
correct chromosome alignment and segregation [6].
Paclitaxel is generally used as an anticancer drug and
acts by increasing the polymerization rate, thereby
reducing the critical concentration of tubulin [9]. It can
stabilize microtubules and interfere with the dynamic
changes that occur during formation of the mitotic
spindle and further arrest mitosis [10]. When oocytes
are thawed and prepared for further treatment, they will
undergo more frequent cytoskeletal rearrangement.
Accordingly, we hypothesize that paclitaxel stabilizes
the cytoskeleton and interferes with spindle formation
during the cryopreservation procedure, ensuring that
post-thaw oocytes can proceed to future development
correctly.
CCB had the same protective effect as paclitaxel on
fertilization rate in vitrified and thawed ICR mouse
oocytes. CCB inhibits microfilament polymerization
and has a specific and reversible effect on cytoskeletal
elements because it makes them more flexible and less
susceptible to cryodamage [11,12].
In this study, we used 7.5 +g/mL CCB and 1 +M
paclitaxel to pretreat the oocytes. These protocols were
chosen from the studies of Park et al [4] and Dobrinsky
et al [3]. Optimal concentration of cytoskeleton stabi-
lizers has been studied by many investigators, who have
used them to pretreat different kinds of mammalian
or human oocytes. However, the best condition needs
to be investigated further using serial concentration
experiments.
Cytoskeleton stabilizers such as paclitaxel and
CCB have positive effects on protecting vitrified and
thawed ICR mouse oocytes. On the other hand, using
them in human oocyte cryopreservation is still con-
troversial. They improve the developmental competence
of thawed oocytes by interfering in microfilament
or tubulin formation, further affecting spindle forma-
tion. More surveys should be carried out to investi-
gate whether the interfering effect is reversible or not.
Aneuploidies such as trisomy or monosomy can oc-
cur when spindle formation is out of order. In addition,
paclitaxel is well known as an anticancer drug that
may cause cell toxicity at specific concentrations. Con-
sequently, the optimal concentration of these cyto-
skeleton stabilizers, which may improve the post-
thaw survival rate without causing irreversible harm,
should be further investigated.
References
1. Chen SU, Lien YR, Cheng YY, et al. Vitrification of mouse
oocytes using closed pulled straws (CPS) achieves a high
survival and preserves good patterns of meiotic spindles,
compared with conventional straws, open pulled straws
(OPS) and grids. Hum Reprod 2001;16:2350–6.
2. Eroglu A, Toth TL, Toner M. Alterations of the cytoskeleton
and polyploidy induced by cryopreservation of metaphase II
mouse oocytes. Fertil Steril 1998;69:944–57.
3. Dobrinsky JR, Pursel VG, Long CR, et al. Birth of piglets after
transfer of embryos cryopreserved by cytoskeletal stabilization
and vitrification. Biol Reprod 2000;62:564–70.
4. Park SE, Chung HM, Cha KY, Hwang WS, Lee ES, Lim JM.
Cryopreservation of ICR mouse oocytes: improved post-
thawed preimplantation development after vitrification
using Taxol, a cytoskeleton stabilizer. Fertil Steril 2001;75:
1177–84.
5. Whittingham DG. Survival of mouse embryos after freezing
and thawing. Nature 1971;233:125–6.
6. Fabbri R, Porcu E, Marsella T, et al. Technical aspects of oocyte
cryopreservation. Mol Cell Endocrinol 2000;169:39–42.
7. Al-Hasani SD. Oocyte storage. In: Grudzinskas JG ,Yovich JL,
eds. Gametes: The Oocyte. Cambridge: Cambridge University
Press, 1995;Chapter 15:376–94.
8. Isachenko V, Soler C, Isachenko E, et al. Vitrification of im-
mature porcine oocytes: effects of lipid droplets, temperature,
cytoskeleton, and addition and removal of cryoprotectant.
Cryobiology 1998;36:250–3.
9. Mailhes JB, Carabatsos MJ, Young D, et al. Taxol-induced
meiotic maturation delay, spindle defects, and aneuploidy in
mouse oocytes and zygotes. Mut Res 1999;423:79–90.
10. Yu H. Regulation of APC-Cdc20 by the spindle checkpoint.
Curr Opin Cell Biol 2002;14:706–14.
11. Casella JF, Flanagan MD, Lin S. Cytochalasin D inhibits actin
polymerization and induces depolymerization of actin
filaments formed during platelet shape change. Nature 1981;
293:302–5.
12. Vincent C, Garnier V, Heyman Y, et al. Solvent effects on
cytoskeletal organization and in-vivo survival after freezing of
rabbit oocytes. Reprod Fertil 1989;87:809–20.
